Mulberry plants have various traditional uses in Thailand, China, Korea and Vietnam. Recently, the root bark of Morus alba L. is used as whitening ingredient in various skin preparations. This paper describes the isolation of two triterpenes from the root bark of a 5 years old hybrid between M. alba L. and M. rotundiloba Koidz., a mulberry sericulture NM60 which is widely grown in Thailand for tea and silk industries. Pentacyclic triterpenes, α-amyrin acetate and betulinic acid, were isolated and identified, their structures were elucidated on the basis of spectroscopic analyses. The antityrosinase activities were tested having the IC 50 values of 1.57 mM and 0.50 mM respectively. A validated HPLC technique for betulinic acid was also reported. Linear regression analysis of betulinic acid fell within the range of 61.25-409.15 μg/mL with a linear coefficient of 0.9992. The percentage of recovery is in accordance with that specified by the USP. The limit of detection and limit of quantification were 14.7 and 61.25 μg/mL, respectively. The analysis of the crude methanolic extract revealed 0.14% w/w betulinic acid in the root bark. These findings promote the use of the root bark extract of Thai mulberry hybrid in whitening cosmetics using betulinic acid as a marker and promote further study for the development of antimelanoma agent.
Melanogenesis is a physiological process resulting from the synthesis of melanin pigments, which play a crucial protective role against skin photocarcinogenesis. In humans and other mammals, the biosynthesis of melanin takes place in a lineage of cells known as melanocytes, which contain the enzyme tyrosinase. Exposure of the skin to ultraviolet (UV) light, particularly UV-B wavelengths, stimulates the synthesis of melanocyte tyrosinase. Consequently, it causes increasing melanogenesis and leads to sun tanning, photoaging, freckles and the appearance of darkened spots [1] .
Tyrosinase (EC.1.14.18.1, monophenol, dihydroxyphenylalanine: oxygen oxidoreductase) is known as the key enzyme implicated in the anabolism of melanin within melanocytes [2, 3] . With the increasing destruction of the global ozone layer, UV light has become a considerable threat to humans by causing skin pigmentation and skin cancer. Chemical whitening agents, such as hydroquinone and kojic acid, have limited use due to their side effects and toxicity, and, therefore, studies of natural tyrosinase inhibitors have become the focus of many pharmaceutical companies, as well as the cosmetic industry [4] .
Traditionally, various parts of Morus species have been used for the treatment of a wide range of complaints [5, 6] . Recently, the root bark of M. alba has been used in various cosmetic preparations used for skin whitening [7] , and, therefore, this study was undertaken to provide evidence for the use of a Thai The crude methanolic extract of the mulberry root bark produced 29% inhibition of tyrosinase activity at a concentration of 5,200 μg/mL. Fractionation of the extract by partitioning with n-hexane, chloroform and water revealed better activities in the non-polar fractions. The n-hexane and chloroform fractions produced inhibitions of 29% and 21%, respectively at a concentration of 2,000 μg/mL, whereas the watersoluble fraction only produced 13% inhibition at the same concentration. As a result, the n-hexane and chloroform fractions were selected for further investigation of their active compounds.
Using a bioassay guided fractionation technique led to the isolation of two triterpenes, one from the n-hexane soluble fraction, and one from the chloroform fraction. These were identified from TLC and NMR data as α-amyrin and betulinic acid, respectively. Neither compound has been reported previously for this Morus hybrid.
The enzyme assay showed that both isolated triterpenes could inhibit tyrosinase activity. The IC 50 value of α-amyrin acetate was 1.57 mM and that of betulinic acid 0.50 mM. The two compounds were more potent than kojic acid, the IC 50 value for which was 5.17 mM.
Betulinic acid was chosen as an appropriate marker for the standardization of the mulberry root bark and a validated HPLC analysis for the marker was developed. Linear regression analysis of betulinic acid fell within the range of 61.25-409.15 μg/mL, with a linear coefficient of 0.9992. The percentage recovery of betulinic acid was in the range of 80-112%, which is in accordance with that of USP 23 (80-120%). The limit of detection and limit of quantification were 14.7 and 61.25 μg/mL, respectively. Analysis of the root bark of mulberry hybrid NM60 using the validated HPLC procedure showed that the content of betulinic acid in the crude methanolic extract was 0.14% w/w on a dry weight basis.
It has been reported that betulinic acid is a potent antiphlogistic agent acting via inhibition of tyrosinase in the arachidonic acid pathway. In addition, betulinic acid has antibacterial and anti-inflammatory properties [8] . The cytotoxic activity of betulinic acid on human melanoma cells has been reported, while leaving healthy cells alive [9, 10] . For the past four decades, the incidence of melanoma has been increasing at a higher rate than any other type of cancer. Betulinic acid seems to work by inducing apoptosis in cancer cells [11] , and because of its apparent specificity for melanoma cells, it seems to be a promising anti-cancer agent for the future. It is highly recommended that further studies on the potential use of the root bark extract in melanoma prevention and treatment should be carried out.
Experimental
General: The antityrosinase activity was measured using a UV-vis spectrophotometer U-3000 (Hitachi, Japan). All the 1 H and 13 C NMR spectra were recorded on a Bruker-AV machine at 500 and 125.65 MHz, respectively, at the National Science and Technology Development Agency (NSTDA), Thailand Science Park. Tetramethylsilane (TMS) was used as an internal standard and CDCl 3 and pyridined 5 were used as solvents. An electron impact mass spectrum (EIMS) was recorded at 70 eV in Hitachi M-60 and Fison VG Trio 2000 mass spectrometer (using a direct inlet system) at the Scientific and Technological
Research Equipment Center Chulalongkorn University, Thailand. The HPLC chromatograms were recorded on a Perkin Elmer machine, with diode array detector (USA) and Turbochrom data processing program.
Plant material:
The root of the mulberry hybrid M. alba x M. rotundiloba sericulture NM60 was collected from the Mulberry Research Center of Nakornrajasima Province, Thailand in October 2001. The plant was 5 years old and the root branches were taken for the study.
A voucher specimen (NP011001) is preserved at the Mulberry Research Center, Nakornrajasima and the Department of Pharmacognosy, Faculty of Pharmacy, Mahidol University, Bangkok, Thailand. The roots (diameter 2.5-1.5 cm) were washed, the bark peeled off, sun dried, reduced to small pieces and pulverized.
The isolation of triterpenes using bioassay guided fractionation:
The dried powdered root bark of the mulberry hybrid plant (958.5 g) was extracted by maceration with MeOH (2 x 3 L, 30 days, 30°C). The combined extract was evaporated to dryness under reduced pressure to yield 17.3% w/w dry extract (165.72 g). This was partitioned between n-hexane, chloroform and water to give 5.8%, 11.8%, and 74.9% w/w yields, respectively. Antityrosinase activity of triterpenes from a mulberry hybrid Natural Product Communications Vol. 2 (4) 2007 383
Anti-tyrosinase testing [12] Stock solutions: Mushroom tyrosinase (SIGMA USA Product no. 3284, 7868 U/mg) 192.7 U/mL; phosphate buffer (pH 6.8) (PB) [sodium dihydrogen phosphate, disodium hydrogen phosphate]; L-DOPA (Sigma, USA) conc. 2.5 mM. Test substances: methanol crude extract (1.04, 5.20 and 5.87 mg/mL); n-hexane, chloroform and water solubles, each at a concentration of 2.00 mg/mL; α-amyrin acetate (0.05, 0.12, 0.33, 0.83, 1.00 and 1.60 mg/mL); betulinic acid (0.06, 0.12, 0.33, 0.83, 1.00 and 1.60 mg/mL); and kojic acid (0.05, 0.12, 0.33, 0.83, 1.00 and 1.60 mg/mL).
Anti-tyrosinase assay:
To each test tube, 1 mL L-DOPA and 0.80 mL PB were added and maintained at 27 °C for 10 minutes. The tubes were divided into 4 groups (methods A, B, C and D), with each group containing a different composition. Either the enzyme or test substance (0.1 mL) was added to make the total volume 2 mL. The absorbance at 475 nm was measured and the relative tyrosinase activity (%) was calculated:
Where A = optical density without the test substance; B = optical density without both the test substance and the enzyme; C = optical density with both the test substance and the enzyme; D = optical density with the test substance, but without the enzyme. All experimental assays were performed in duplicate and the average values were reported.
Isolation of α-amyrin acetate:
The n-hexane extract was fractionated (1.25 g) on a silica gel column (40 x 1.5 cm, 200 g), and eluted with mixtures of n-hexane-ethyl acetate (100:0; 98:2; 95:5; 90:10; 70:30; 400 mL each). The compositions of each collected fraction (89 x 50 mL) were examined by TLC (silica gel GF254 n-hexane-ethyl acetate 10:3) and like fractions were combined. The combined fractions 34-44 (0.82 g) were further fractionated on another silica gel column by successive elution with a stepwise gradient of n-hexane-chloroform mixtures (100:0, 97:3, 95:5, 93:7, 90:10, and 50:50, 400 mL each). The 32 fractions obtained were analyzed by TLC (silica gel GF 254 n-hexane-ethyl acetate, 4:1) and like fractions were combined. Fractions 13-25 yielded a white precipitate, which upon recrystallization in chloroform gave 25 mg of α-amyrin acetate.
Isolation of betulinic acid:
An aliquot of 2.5 g from the chloroform solubles was fractionated on a Sephadex LH-20 column (100 g) with methanol elution. Fifty-four fractions were collected (50 mL each) and examined by TLC; like fractions were combined to give seven sub-fractions, the fourth of which (20-23) yielded 10 mg of colorless needle crystals of betulinic acid.
Supplementary data: Physical and spectral data for α-amyrin acetate and betulinic acid.
